
1

25 minutes

Title: Piloting and Sizing Sequential Multiple Assignment
Randomized Trials in Dynamic Treatment Regime Development

Authors: D. Almirall, S. Compton, M. Grunlicks-Stoessel, N. Duan and S. Murphy

Abstract: In the health sciences there is growing interest in how to
best collect and use data to inform sequential decisions regarding the
adaptation and re-adaptation of treatments to individuals. Dynamic
treatment regimes assist in this goal by operationalizing this
sequential decision making. Furthermore the sequential multiple
assignment randomized trial (SMART) design has been developed for
providing data to develop dynamic treatment regimes. Because these
trial designs are relatively new in clinical trials research, pilot
studies are crucial. We identify and discuss feasibility,
acceptability and design issues unique to SMARTs that are best
addressed in a pilot study prior to the full-scale SMART; we propose
an approach to sizing a SMART pilot study. For clarity we illustrate
these issues using a pilot SMART in the treatment of pediatric
generalized anxiety disorders.
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This is a very new experimental design so investigators need more biostatistical
leadership and a great deal more guidance than is standard.  This talk will focus on 
practical advice as you collaborate with the investigator.
This advice will focus on issues specific to a SMART pilot (not the general issues in 
piloting a RCT).

A SMART pilot study can be done using the
R21 (exploratory/developmental grant), 
R34 (clinical trial planning grant, or 
K (training grant) mechanisms at NIH



Dynamic treatment regimes are also called adaptive treatment strategies, adaptive 
interventions, treatment algorithms,  treatment policies

X: subject outcomes such as test results, adherence, preferences, response to past 
treatment, self management skill, side effects, co-occurring problems

a: whether to treat, which treatment to use, dose of treatment, whether to change 
treatment, whether to stop treatment, ...  The term “action” is more common in the 
field of decision theory.



The phrase “tailoring variable” comes out of smoking cessation literature.

When I speak with investigators I represent the decision rules either pictorially via a 
graph or via If-then-else rules.
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Criminal Justice Review 2008; 33; 343  Douglas B. Marlowe, David S. 
Festinger, Patricia L. Arabia, Karen L. Dugosh, Kathleen M. Benasutti, Jason 
R. Croft and James R. McKay  Adaptive Interventions in Drug Court: A 
Pilot Experiment

Adaptive interventions may optimize outcomes in drug courts: a pilot 
study.
Marlowe DB, Festinger DS, Arabia PL, Dugosh KL, Benasutti KM, Croft JR. 
Curr Psychiatry Rep. 2009 Oct;11(5):370-6.

minimize recidivism and drug use is operationalized by graduating from the drug court program.

To graduate offender must attend 12 counseling sessions; provide 14 consecutive weekly negative 
drug urine specimens;  remain arrest-free; obey program rules and procedures; pay 200 dollar court 
fee
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Tailoring Variables:
High risk:  ASPD or history of drug treatment otherwise low risk

These are assessed monthly:::
Noncompliance: is(1) falls below threshold for attendance in counseling sessions or  
(2) fails to provide 2 or more scheduled urine specimens

Nonresponsive = (1) is attending sessions and completing program requirements, 
and (2) is not committing new infractions, but (3) provides 2 or more drug-positive 
urine specimens.



X_j are observations

A_j are randomized treatment actions

Y is the outcome

These trials are used to develop a proposal for a dynamic treatment regime.  This dynamic treatment regime 
could then be tested in a two-arm randomized trial against an appropriate alternative.
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1-school year study ( approx. 8 months) N=153

William E. Pelham, Jr. (PI) , Lisa Burrows-MacLean, James Waxmonsky, Greta 
Massetti, Daniel Waschbusch, Gregory Fabiano, Martin Hoffman, Susan Murphy, E. 
Michael Foster, Randy Carter, Elizabeth Gnagy, Jihnhee Yu (IES 2006-2010)

See

I. Nahum-Shani, M. Qian, D. Almiral, W.. Pelham, B. Gnagy, G. Fabiano, J. 
Waxmonsky, J. Yu and S.A. Murphy. Experimental Design and Primary Data 
Analysis Methods for Comparing Adaptive Interventions. To appear in 
Psychological Methods

or

H. Lei, I. Nahum-Shani, K. Lynch, D. Oslin and S.A. Murphy. A SMART Design for 
Building Individualized Treatment Sequences, The Annual Review of Clinical 
Psychology (2012), Vol. 8: 21-48

Also submitted paper by E. Labor, D. Lizotte, W. Pelham and S.A.Murphy on 
confidence intervals



Nonresponse: Assessed monthly beginning at month 2: (1) Average performance on 
the teacher rated Individualized Target Behavior Evaluations – ITB-- is less than 
75% AND
(2) Rating by teachers as impaired (i.e., greater than 3) on the (Impairment Rating 
Scale) IRS in at least one domain.
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Pilot studies are NOT used to obtain “preliminary evidence of efficacy”. This is not 
yet a well understood/accepted concept.

Citations for this follow:

Leon AC, Davis LL, Kraemer HC. (2011) The role and interpretation of pilot studies 
in clinical research. Journal of Psychiatry Research.

Kraemer HC et al. (2006). Caution regarding the use of pilot studies to guide power 
calculations for study proposals. Arch Gen Psychiatry.

Thabane L, Ma J, et al. (2010). A tutorial on pilot studies: the what, why, and how. 
BMC Medical Research Methodology. 

Lancaster GA, et al. (2004). Design and analysis of pilot studies: recommendations 
for good practice. Journal of Evaluation in Clinical Practice. 

Shoenfeld also has important articles (older) on the role of pilot studies.
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Don’t get overly enthusiastic about Embedded Tailoring Variable!
The embedded tailoring variable must be part of any DTR that would be constructed 
using data from this study (unless you make untestable assumptions)
Ideally the embedded tailoring variable can be collected in real life.

Measurement of tailoring variable is a big issue in the sense that different staff 
should not lead to differing values of the tailoring variable. 
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This study is in the field  n=300  primary hypothesis compared always traditional 
RBT vs always reduced RBT  

Embedded Tailoring Variable:

Response = 0 if missed unexcused tx day or positive urine for opioid or cocaine use 
or self report of opioid/cocaine use  otherwise Response =1

Primary outcome is “in treatment when child born”

RBT==reinforcement based tx

These differ in intensity and scope (in increasing order below)

aRBT is abbreviated RBT

rRBT is reduced RBT

tRBT is traditional

eRBT is enhanced
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Embedded Tailoring Variable
Missing embedded tailoring variable
Try to make this rule implementable in real life. 
A VERY BAD RULE:  A person misses the clinic visit on which the tailoring 
variable is collected, then when the person returns to the study, the person is 
dropped  from study (no more study assessments).
An ok but not so great rule: A person misses the clinic visit on which the tailoring 
variable is collected, then when the person returns to the study, the person is 
dropped from treatment (but study assessments continue to be collected).
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Embedded Tailoring Variable

Timing of embedded tailoring variable assessment is part of all DTR’s that can be 
studied using this data (unless you make untestable assumptions)
Timing of assessment should be feasible in real life.
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Alcohol dependent subjects begin on Naltrexone, an opioid receptor antagonist  
then in ensuing two months are monitored for heavy drinking

Trigger for nonresponse is heavy drinking days

Early trigger  2 or more hdd

Late trigger  5 or more hdd

H. Lei, I. Nahum-Shani, K. Lynch, D. Oslin and S.A. Murphy. A SMART Design for 
Building Individualized Treatment Sequences, The Annual Review of Clinical 
Psychology (2012), Vol. 8: 21-48

for a description of this study
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Embedded Tailoring Variable
Outcome Assessments versus Tailoring Variable Assessment

Autism SMART.  Investigator felt that the science was still so immature (and 
reviewers would be concerned) that the tailoring variable assessment had to be done 
by independent evaluator.  Of course this means that even if the smart study yields 
strong effects, the DTR is not yet practical for clinic as an  instrument/questionaire
needs to be developed that will provide a reliable and valid tailoring variable 
assessment in the clinic setting.

Adolescent Depression SMART:  originally investigator planned to collect the 
outcomes at a clinic visit (in lieu of providing treatment)  and then ask 
participant/family to return to begin stage 2 treatment.
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Staff/participant fidelity to (no) change in treatment
Clinical staff disagree with the way the embedded tailoring variable is formed—
maybe missing crucial information OR clinical staff need more training.   A pilot 
helps you know which is the issue.

In a heroin/cocaine study, an investigator found that many of the non-responders did 
not want their treatment changed (either intensification or augmentation,etc.) yet in 
his past “non-responder” studies he had no problem randomizing people to these 
types of second stage options.
This can occur because
Non-responder studies recruit mostly “motivated” non-responders.  Maybe most 
non-responders need a motivational therapy or have different preferences for 
treatment than the motivated non-responders.  
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1-school year study ( approx. 8 months) N=153

William E. Pelham, Jr. (PI) , Lisa Burrows-MacLean, James Waxmonsky, Greta 
Massetti, Daniel Waschbusch, Gregory Fabiano, Martin Hoffman, Susan Murphy, E. 
Michael Foster, Randy Carter, Elizabeth Gnagy, Jihnhee Yu (IES 2006-2010)

See

I. Nahum-Shani, M. Qian, D. Almiral, W.. Pelham, B. Gnagy, G. Fabiano, J. 
Waxmonsky, J. Yu and S.A. Murphy. Experimental Design and Primary Data 
Analysis Methods for Comparing Adaptive Interventions. To appear in 
Psychological Methods

or

H. Lei, I. Nahum-Shani, K. Lynch, D. Oslin and S.A. Murphy. A SMART Design for 
Building Individualized Treatment Sequences, The Annual Review of Clinical 
Psychology (2012), Vol. 8: 21-48

Also submitted paper by E. Labor, D. Lizotte, W. Pelham and S.A.Murphy on 
confidence intervals
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2 treatments for non-responders, 1 treatment for responders.  q=.8, m=3, 
p_{NR}=.5, k_R=1, k_{NR}=2

In this case N is approximately 38
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